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New records of chondrichthyans species
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Seventeen chondrichthyan species were caught in the Cantabrian Sea (southern Bay of Biscay) during a multidisciplinary
survey carried out in the Avile´s canyon system in May 2011. This survey provided the ﬁrst records of three species (Galeus
murinus, Neoraja iberica, and Neoraja caerulea) in these waters, and a further record of Rajella kukujevi. To conﬁrm the
identity of these species, the cytochrome c oxidase subunit I (COI) of the specimens was sequenced. Genetic analyses revealed
that the DNA sequences of the twoNeoraja species were identical in all the specimens analysed. Morphometric analyses, based
on 40 characters, showed 3.66% dissimilarity between the two species. The morphometric character that contributed most to
this discrepancy was disc width.
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I NTRODUCT ION
Several new deep-water chondrichthyans have been described
from the north-east Atlantic in recent years (Igle´sias et al.,
2004; Stehmann et al., 2008; Luchetti et al., 2011). In some
cases, records are restricted to certain areas, suggesting that
species are endemic to these areas, while in other cases the
limited numbers of records makes it impossible to deﬁne
their distribution. Most of these species are not commercially
important, and so they are discarded from commercial ﬁsheries.
However, onboard observers in certain ﬁsheries or dedicated
scientiﬁc surveys studying deep-water areas, including potential
Marine Protected Areas (MPAs) have provided more infor-
mation on the fauna inhabiting deep water ecosystems.
A multidisciplinary survey was carried out in the
Cantabrian Sea (southern Bay of Biscay) in May 2011
within the INDEMARES project. The main objective of this
project was to contribute to the protection and sustainable
use of the biodiversity in Spanish seas by identifying valuable
areas for the Natura 2000 network. One of the proposed areas,
the Avile´s Canyon System, is located 12 km offshore at 68W
longitude, and covers a depth-range from 150 m near the con-
tinental shelf to 4750 m at the abyssal plain of the Bay of
Biscay (Figure 1). The Avile´s Canyon System is a complex,
structurally controlled system of canyons and valleys compris-
ing three main canyons of different morphostructural charac-
ter. These are, from east to west, La Gaviera canyon, El
Corbiro canyon and Avile´s canyon. The system also includes
two geomorphologic structures: El Agudo de Fuera rocky
outcrop and El Canto Nuevo marginal shelf. The near conti-
nental shelf is generally narrow and features rocky outcrops
of different relief and morphologies and a near horizontal
surface corresponding to sedimentary areas with unconsoli-
dated sediment cover or heavily eroded basement surfaces.
The strong currents on the shelf are responsible for the
limited sedimentary cover of the area. More information
about the geomorphology of the Avile´s Canyon System is
found in Gomez-Ballesteros et al. (in press).
Avile´s Canyon System is a deep-water ecosystem of great
interest within a highly productive area characterized by pole-
ward currents in winter and equatorward currents in spring/
summer (Ruiz-Villarreal et al., 2004; Gil, 2008), remarkable
phytoplankton blooms, as observed in other canyons
(Gonzalez-Quiros et al., 2003), and a diverse benthic commu-
nity (Louzao et al., 2010). Increased primary production is
associated with the shelf break and the topography of the
canyon, resulting in upwelling events, especially in summer
(Gonza´lez-Quiro´s et al., 2003; Ruiz-Villarreal et al., 2004).
Important local ﬁsheries target hake, blue whiting, anglerﬁsh,
megrim, mackerel and horse mackerel (Punzon & Gancedo,
1998; Castro et al., 2011).
The objective of this study was to present data of some deep-
water chondrichthyans caught for the ﬁrst time in the
Cantabrian Sea (southern Bay of Biscay) and discuss the simi-
larities found between two skates of the genus Neoraja
(Rajidae) caught in this area, Neoraja iberica Stehmann, Se´ret,
Costa and Baro, 2008 and Neoraja caerulea (Stehmann,
1976), based on genetic and morphological results.
Molecular tools, and DNA barcoding in particular, have
proven to be very useful not only for phylogenetic and phylogeo-
graphic studies but also for identifying cryptic species and
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species complexes (Herbert et al., 2003; Moura et al., 2008;
Ward et al., 2008; Igle´sias et al., 2009; Serra-Pereira et al., 2011;
Dugdeon et al., 2012; White & Last, 2012). Although these tech-
niques are widely used they have some limitations, and therefore
the integration of both genetic and morphological studies is
recommended (Tinti et al., 2003;White & Last, 2012), especially
if reliable features to aid ﬁeld identiﬁcation are to be identiﬁed.
MATER IALS AND METHODS
All the chondricthyes reported here were caught during the
survey INDEMARES-AVILES 0511 using a bottom trawl
net (GOG-73) with a mesh size of 10 mm and a haul duration
of 30 min, which is the standard sampling gear used in the
MEDITS surveys (Bertrand et al., 2002). A total of seven
hauls were performed in the Avile´s Canyon System at
depths of 400–1650 m (Figure 1). Mean depth refers to the
average between the depth recorded at the start of the tow,
when the gear contacts the sea ﬂoor and at the end of the
tow when the gear leaves the sea ﬂoor. Depth-range refers
to the minimum and maximum depth recorded in these
points. Species were identiﬁed according to several texts
(Compagno, 1984; Whitehead et al., 1984; Que´ro et al.,
2003; Igle´sias, 2011). Morphometric measurements followed
Compagno (1984) and Last et al. (2008). All measurements
were made point to point to the nearest mm. Values are
expressed as a percentage of the total length (LT), from the
tip of the snout to the tip of the caudal ﬁn.
Similarity between morphometric characters was calcu-
lated using the Bray–Curtis index (Clarke & Warwick,
1994) and the resulting dendrogram was obtained with the
group average clustering algorithm using the PRIMER soft-
ware. Species typifying similarities and dissimilarities among
different clusters were determined using the SIMPER
routine. The non-parametric Kolmogorov–Smirnov test at
the 5% signiﬁcance level was applied to determine the differ-
ences between the main morphometric measurements.
Total genomic DNA was extracted from ethanol-preserved
muscle tissue using the FENOSALT method (Pe´rez & Presa,
2011). A 657 bp fragment of the COI locus was ampliﬁed and
sequenced using the primer pair FishF2 and FishR2 (Ward
et al., 2005). Ampliﬁcations were carried out in a Mastercycler
thermocycler gradient (Eppendorf). The PCR program con-
sisted of 5 min at 958C, then 35 cycles of 958C for 30 s, 508C
for 60 s, 728C for 1 min and a ﬁnal extension of 10 min at
728C. Each PCR reaction had a total volume of 20 mL, contain-
ing between 10 and 20 ng of puriﬁed DNA, 2 mL of 10X NH4
Reaction Buffer (160 mM (NH4)2SO4, 670 mM Tris–HCl, pH
8.8), 0.16 mL of 100 mM mix dNTPs (Bioline), 1.5 mM of
MgCl2, 15 pmol of each primer, and 1 U of BioTaq DNA poly-
merase (Bioline). PCR products were cleaned before the
Fig. 1. The study area and the spatial distribution of the new species recorded in the Avile´s Canyon System.
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sequencing reaction using Exo-Sap (USB) according to theman-
ufacturer’s protocol. The puriﬁed fragments were directly
sequenced on the two DNA strands with the same primer
pair used for PCR ampliﬁcation. Sequencing was performed in
an ABI Prism 3100 capilar sequencer using the BigDye
Terminator Cycle Sequencing Standard (Applied Biosystems).
Identiﬁcations were made using: (i) Basic Local Alignment
Search Tool (BLAST, Zhang et al., 2000) available in GenBank,
and; (ii) the identiﬁcation engine provided in the Barcode of
Life Data Systems (BOLD). Evolutionary analyses were con-
ducted using MEGA5 (Tamura et al., 2011). The phylogenetic
tree was inferred using the neighbour-joining method (Saitou &
Nei, 1987) and the maximum likelihood method based on the
Hasegawa-Kishino–Yano model (Hasegawa-Kishino et al.,
1985). In both cases, the bootstrap consensus trees were
inferred from 500 replicates (Felsenstein, 1985). HKY + G
was the model with the lowest Bayesian information criterion
(BIC), and it was selected to describe the substitution pattern
using MEGA5 (Tamura et al., 2011).
Sediment (grain size, organic content, redox) and infauna data
were also recorded for the sampling areas using amega box corer.
The dredge sampled a 0.175 m2 area and penetrated 15–20 cm
into the sediment. Particle size analysis of sediments was per-
formed by a combination of dry sieving and sedimentation tech-
niques (Buchanan, 1984). Sediment characteristics include mean
particle size (Q50), sorting coefﬁcient (So), weight percentage of
gravel and coarse sands (.500 mm), medium and ﬁne sands
(62–500 mm), and silt (,62 mm). Organic matter (OM) in the
sediment was estimated as weight loss of dried (1008C, 24 h)
samples after combustion (5008C, 24 h).
RESULTS
During this survey a total of 17 chondrichthyan species were
caught (Table 1). The most abundant species in terms of
biomass were Centroscymnus coelolepis Barbosa du Bocage
& de Brito Capello, 1864, Deania calcea (Lowe, 1839) and
Table 1. Total number and mean biomass of chondricthyan species caught in the Avile´s Canyon System during the INDEMARES-AVILES 0511 survey.
No. hauls refers to the number of hauls in which the species was caught (Ntotal ¼ 7).
Species Author Number Kg/haul Depth range (m) Length range (cm) No. hauls
Male Female Male Female
Centrophorus squamosus (Bonnaterre, 1788) 0 1 0.87 1051–1075 — 100 1
Centroscymnus coelolepis Barbosa du Bocage & de
Brito Capello, 1864
5 12 16.66 1457–1650 72–90 72–115 1
Centroselachus crepidater (Barbosa du Bocage & de
Brito Capello, 1864)
1 5 0.68 1244–1650 63 28–73 2
Chimaera monstrosa Linnaeus, 1758 14 32 6.53 361–1650 5–63 3–71 7
Deania calcea (Lowe, 1839) 20 9 8.98 990–1650 49–89 58–100 4
Deania profundorum (Smith & Radcliffe, 1912) 3 13 0.60 578–1032 31–52 27–50 4
Dipturus nidaorensis (Storm, 1881) 0 3 2.17 1244–1650 — 91–108 2
Etmopterus princeps Collett, 1904 27 15 5.71 1244–1650 16–64 16–71 2
Etmopterus pusillus (Lowe, 1839) 2 0 0.13 1051–1075 42–44 — 1
Etmopterus spinax (Linnaeus, 1758) 1 2 0.09 530–784 33 29–44 1
Galeus melastomus Raﬁnesque, 1810 21 23 2.33 361–1075 21–66 16–71 5
Galeus murinus (Collett, 1904) 1 7 0.24 1249–1650 43 14–48 2
Hydrolagus mirabilis (Collett, 1904) 2 3 0.08 1457–1650 17–21 15–32 1
Neoraja caerulea (Stehmann, 1976) 3 1 0.04 1457–1650 9–27 30 1
Neoraja iberica Stehmann, Se´ret, Costa &
Baro, 2008
1 1 0.02 530–784 35 30 1
Rajella kukujevi (Dolganov, 1985) 1 1 0.36 1051–1075 57 70 1
Scyliorhinus canicula (Linnaeus, 1758) 0 1 0.10 578–624 — 56 1
Scymnodon ringens Barbosa du Bocage &
de Brito Capello, 1864
1 0 0.30 530–784 70 — 1
Table 2. Summary data of the chondrichthyan species recorded for the ﬁrst time in the Cantabrian Sea, and sediment characteristics in each respective
position. % OM, percentage of organic matter; Q50, mean particle diameter; So, sorting coefﬁcient; weight percentage of gravel and coarse sands
(.500 mm), medium-ﬁne sands (62–500 mm) and silt (,62 mm).
Species Sex No. ind. Length
(cm)
Location (Lat/Long) Depth range
(m)
% OM Q50 (phi) So % >500 mm % 62–500 mm % <62 mm
Galeus murinus Female 6 16–48 43.57′N 6.26′W 1457–1650 4.67 2.55 2.20 6.11 68.57 25.02
Male 1 43 44.00′N 5.25′W 1244–1254 2.79 2.71 1.71 3.77 79.11 17.13
Female 1 46 44.00′N 5.25′W 1244–1254 2.79 2.71 1.71 3.77 79.11 17.13
Rajella kukujevi Male 1 58 43.54′N 6.16′W 1051–1075 6.32 3.72 2.67 1.80 56.39 41.81
Female 1 71 43.54′N 6.16′W 1051–1075 6.32 3.72 2.67 1.80 56.39 41.81
Neoraja iberica Male 1 35 43.58′N 5.46′W 530–784 3.11 2.98 1.59 2.18 81.72 16.10
Female 1 30 43.58′N 5.46′W 530–784 3.11 2.98 1.59 2.18 81.72 16.10
Neoraja caerulea Male 3 9–27 43.57’N 6.26’W 1457–1650 4.7 2.55 2.20 6.11 68.87 25.02
Female 1 30 43.57’N 6.26’W 1457–1650 4.7 2.55 2.20 6.11 68.87 25.02
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Chimaera monstrosa Linnaeus, 1758 while in terms of the total
number of specimens observed, C. monstrosa, Galeus melasto-
mus (Raﬁnesque, 1810) and Etmopterus princeps Collett, 1904
were the most numerous. The following species were recorded
for the ﬁrst time in this area (Table 2).
Mouse catshark Galeus murinus (Collett, 1904)
(Figure 2A): a total of eight specimens were caught in two
hauls at mean depths of 1554 and 1249 m, respectively
(Figure 1) on opposite sides (east/west) of the study area at
a distance of 111 km from each other. In both cases the sedi-
ments comprised medium and ﬁne sand, as the highest pro-
portion of the sediment was between 62 and 500 mm.
However, in the deepest haul, located in the west of the
canyon, the percentage of organic matter and the sorting coef-
ﬁcient was comparatively higher (Table 2). Six female speci-
mens (16–48 cm LT) were caught in this haul, with two
further specimens (a 43 cm male and a 46 cm female)
caught on the east side of the canyon at a mean depth of
1249 m.
Mid-Atlantic skate Rajella kukujevi (Dolganov, 1985)
(Figure 2B): two specimens (a 57.5 cm male and a 70.0 cm
female) were caught at one station at 1063 m mean depth.
The sediment consisted of silt and very ﬁne sand with a
high percentage of organic matter (6.32%) and a relatively
large sorting coefﬁcient, indicating that grain sizes were
mixed.
Iberian pygmy skate Neoraja iberica Stehmann, Se´ret,
Costa and Baro, 2008 (Figure 2C): two specimens (a
30.0 cm female and 35.2 cm male) were caught at one
station (mean depth 657 m). The sea ﬂoor at this site consisted
of ﬁne sand containing 3.11% organic matter with a moderate
size selection coefﬁcient.
Fig. 2. New records of some deep-water chondrichthyan species caught in the Cantabrian Sea: (A) Galeus murinus; (B) Rajella kukujevi; (C) Neoraja iberica; (D)
Neoraja caerulea.
Fig. 3. Molecular phylogenetic analysis by the neighbor-joining method
(Saitou & Nei, 1987). Bootstrap values (%) are shown next to the branches.
Table 3. Results obtained in BOLD and GenBank (BLAST) database. Ss, specimen similarity, Mi, maximum identity, and the respective GenBank
Accession numbers.
BOLD BLAST (GenBank) Accession numbers
Code species Ss (%) species Mi (%)
1 Neoraja caerulea 100 Neoraja iberica 100 KC262625
2 Neoraja caerulea 100 Neoraja iberica 100 KC262626
3 Neoraja caerulea 100 Neoraja iberica 100 KC262627
4 Neoraja caerulea 100 Neoraja iberica 99 KC262628
5 Neoraja caerulea 100 Neoraja iberica 100 KC262629
6 Neoraja caerulea 100 Neoraja iberica 100 KC262630
7 Galeus murinus 99.84 Carcharhiniformes sp. BOLD:AAA9550 voucher S000008 91
8 Rajella kukujevi 100 Rajiformes sp. BOLD:AAA4360 voucher RA001134 100 KC262631
9 Rajella kukujevi 100 Rajiformes sp. BOLD:AAA4360 voucher RA001134 99 KC262632
4 c. rodri’guez-cabello et al.
Blue pygmy skate Neoraja caerulea (Stehmann, 1976)
(Figure 2D): four specimens (a 30.1 cm female and three
males of 9.6, 23.4 and 27.5 cm) were caught at one site
(mean depth 1554 m) in the deepest haul where G. murinus
was caught (see above).
Genetic results
The genetic analysis corroborated the identiﬁcation of speci-
mens of R. kukujevi and G. murinus. The DNA sequences
obtained showed 100% similarity to those of Rajella kukujevi
deposited by other authors in the Barcode of Life Data
Systems (BOLD) and 100% maximum identity (Rajiformes
sp. BOLD: AAA4360 voucher RA001134) using the Basic
Local Alignment Search Tool (BLAST; Zhang et al., 2000)
available in GenBank. Comparisons were made using the
complete sequence obtained (657 bp). DNA sequences of
Galeus murinus showed 99.84% similarity to those available
in the BOLD system and 91.0% (Carcharhiniformes sp.
BOLD: AAA9550 voucher S000008) with the data from
GenBank (BLAST).
The DNA sequences of the two Neoraja species were iden-
tical in all the specimens analysed (Table 3 and Figure 3).
Therefore, new tissue samples were extracted and all analyses
were repeated (including DNA extraction and puriﬁcation,
PCR ampliﬁcation and sequencing) in order to conﬁrm the
DNA sequences and reject the hypothesis of a possible con-
tamination of samples. The nucleotide sequences of each
specimen were deposited in the GenBank database and the
respective accession numbers were provided (Table 3). Due
to the similarity found between the DNA sequences of each
species, the name given to these species has been provisionally
Neoraja complex.
The optimal neighbour-joining tree with the sum of branch
length ¼ 0.18665371 is shown in Figure 3. The percentage of
replicate trees in which the associated taxa clustered together
in the bootstrap test (1000 replicates) is shown next to the
branches (Felsenstein, 1985). The tree is drawn to scale,
with branch lengths in the same units as those of the evol-
utionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the maximum
composite likelihood method (Tamura et al., 2004). The
analysis involved 10 nucleotide sequences. All positions con-
taining gaps and missing data were eliminated. The ﬁnal
dataset was composed of a total of 600 positions and 98 vari-
able sites (see Table 4). Identical topology was obtained using
the maximum likelihood method.
Morphometric results
Morphometric measurements of the three rajid species are
shown in Table 5. The smallest specimen of N. caerulea
(9.6 cm) was not used in comparative analyses mainly due
to the difﬁculty involved in taking precise measurements
and also to prevent possible dissimilarities due to potential
ontogenetic changes. Cluster analysis clearly identiﬁed three
groups that corresponded to the species sampled (Figure 4).
The average dissimilarity between R. kukujevi and Neoraja
group was 9.70%, while between the two Neoraja species the
average dissimilarity was 3.66%. The major morphometric
characters that contributed to this dissimilarity are shown in
Table 6. The most signiﬁcant characteristics were the disc
width (13.1%) followed by disc length (7.1%). A preliminary
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analysis using the non-parametric Kolmogorov–Smirnov test
did not reveal any signiﬁcant differences among the ﬁrst ten
selected characters (Table 6). However due to the low
sample size (N1 ¼ 2, N2 ¼ 3) these results should not be con-
sidered decisive.
D ISCUSS ION
The knowledge on the biology and geographical distribution
of deep-water skates in the North Atlantic is limited because
several deep-water species have only been discovered rela-
tively recently. Furthermore some records are restricted to
certain areas and only a few individuals of these species
have been recorded, which is the case of Rajella kukujevi,
Neoraja iberica and Neoraja caerulea, (Figure 5).
The mouse catshark Galeus murinus was originally
described by Collett in 1904 as Pristiurus murinus. Authors
later recognized Pristiurus as a junior synonym of Galeus.
The ﬁrst specimen, an immature female of 22 cm, was
caught at a depth of 1100–1300 m, at a location 93 miles
north-west of the Hebrides Islands. Since then, Galeus
murinus has been noted to be fairly common. In recent
years it has been found to be more widespread in the north-
east Atlantic than previously thought (Anonymous, 2000),
occurring from western Iceland, Faroe Islands, north-west
Scotland, Ireland, France (two records at 468N 108W) and as
far south as the Western Sahara (four records, one at 20843′N
17871′W, 280 m depth and three at 248–258N 68–6.68W,
Table 5. Morphometric measurements of the Rajidae species caught in Avile´s Canyon System (Cantabrian Sea) during INDEMARES 2011 survey.
Values are expressed as percentage of total length (LT), except total length.
Species N. iberica N. caerulea R. kukujevi
Code (CA11_) G4NIB1 V4NIB2 G3NCA1 G3NCA2 G3NCA3 G3RKU1 G3RKU2
Sex Male Female Male Female Male Female Male
1 – Total length (cm) 35.2 30.0 27.5 30.1 23.4 70.0 57.5
2 – Disc width 52.0 52.7 56.0 58.1 56.4 55.4 58.4
3 – Disc length 44.0 45.0 47.3 48.2 45.3 52.9 52.5
4 – Snout width 26.7 26.7 25.1 26.2 27.4 35.3 32.9
5 – Snout length (preorbital) 9.9 11.0 10.2 11.6 10.3 15.6 14.6
6 – Snout-spiracle 15.3 16.0 16.4 17.3 15.8 20.3 19.7
7 – Head length (dorsal) 17.3 17.7 18.9 19.9 18.4 22.6 21.2
8 – Orbit diameter 4.7 4.7 5.1 5.0 4.7 3.9 3.8
9 – Orbit and spiracle length 6.0 5.8 6.2 6.0 5.8 4.7 5.0
10 – Spiracle length (main aperture) 2.7 3.3 3.3 3.7 3.4 2.9 2.1
11 – Distance between orbits 3.1 3.0 2.9 3.3 3.2 3.9 3.7
12 – Distance between spiracles 6.3 6.0 7.1 7.0 7.1 7.0 6.4
13 – Snout to cloaca 40.1 41.0 41.5 43.2 40.8 50.9 48.7
14 – Cloaca to caudal-ﬁn 60.2 58.0 57.5 56.5 58.1 49.7 51.0
15 – Snout length (pre upper jaw) 10.2 11.7 10.5 11.6 10.7 16.6 15.3
16 – Prenasal length 8.2 9.5 7.6 9.6 8.5 14.6 13.6
17 – Head length (to ﬁfth gill) 22.7 23.0 24.0 23.9 23.1 29.1 27.1
18 – Mouth width (exposed part) 2.8 2.7 2.9 3.0 2.7 5.1 4.9
19 – Distance between nostrils 6.5 6.3 6.3 7.3 6.6 7.7 8.2
20 – Nasal length 4.5 4.3 4.4 4.7 4.7 4.6 4.3
21 – Nasal width 7.5 7.5 8.1 8.0 8.1 8.7 8.9
22 – Width of ﬁrst gills 1.3 1.7 1.6 2.0 1.7 1.7 1.3
23 – Width of ﬁfth gills 0.9 0.7 1.3 1.3 1.3 1.1 1.0
24 – Distance between ﬁrst gills 12.5 12.7 13.8 13.6 12.8 13.4 14.1
25 – Distance between ﬁfth gills 5.7 6.0 7.3 8.3 7.1 8.6 8.5
26 – Length anterior pelvic lobe 13.1 12.3 13.5 15.0 14.3 15.6 15.7
27 – Length posterior pelvic lobe 17.9 15.7 16.4 15.9 14.7 18.1 17.8
28 – Pelvic base width 8.0 8.7 10.5 9.0 8.1 10.3 9.0
29 – Tail at pelvics (width) 4.5 4.0 4.7 4.7 4.3 5.1 4.9
30 – Tail at pelvics (height) 2.8 2.8 3.6 3.3 3.0 3.3 3.0
31 – Tail at midlength (width) 2.3 2.2 2.9 2.5 2.1 2.3 2.6
32 – Tail at midlength (height) 1.6 1.5 1.8 1.8 1.5 1.5 1.6
33 – Tail at D1 (width) 1.1 1.3 1.8 2.0 1.3 2.0 1.6
34 – Tail at D1 (height) 0.9 0.9 1.1 1.3 0.9 1.1 1.3
35 – D1 base 4.5 3.7 4.9 4.0 3.4 5.9 5.6
36 – D1 height 2.0 2.3 2.2 2.3 1.7 2.9 3.3
37 – D1- Caudal 12.2 11.3 10.5 10.0 10.7 12.9 12.5
38 – D2-Caudal 7.1 7.7 6.5 7.0 6.8 7.0 7.3
39 – Caudal length 3.1 3.3 2.2 3.0 2.6 1.1 1.4
40 – D2 base 5.4 5.0 4.5 4.2 6.0 6.1 6.1
41 – D2 height 1.7 2.0 2.5 2.3 2.6 3.0 3.0
42 – Clasper (post-cloacal length) 18.0 10.5 7.5 9.9
43 – Cloaca to pelvic-clasper insertion 3.7 6.9 3.0 4.3
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1000–1265 m) (Anonymous, 2001). These records from the
southern Bay of Biscay conﬁrm the southern range and
broad distribution of this species. Half of the specimens
caught were close to the maximum observed size of 49.1 cm
(Igle´sias et al., unpublished data). Magnusson et al. (2000)
reported that the species reached 85 cm; however, this
maximum size as well as the maximum depth reported by
these authors (656–1731 m) needs to be revised because
there could have been taxonomic confusion with other
species (IUCN, 2009). Compagno et al. (2005) provisionally
estimated the maximum depth as 1250 m, thus the current
records extend the bathymetric range to 1457–1650 m
(deepest haul). Regarding the water masses at this location
the presence of Labrador Sea Water characterized by a deep
salinity minimum is noteworthy (Lavin et al., 2006).
Rajella kukujeviwas described for the ﬁrst time by Dolganov
(1985) based on a specimen caught on the Faraday Seamount
(northern part of the Mid-Atlantic Ridge). It has recently
been found elsewhere in the North Atlantic: the Mid-Atlantic
Ridge, Iceland, Ireland and the Faroe Islands (Clarke, 2000;
Kukuev, 2002; Orlov et al., 2006; Orlov & Cotton, 2011). It
has been found at depths between 775 and 1500 m, but it is
most commonly recorded at depths greater than 1000 m
(Gibson et al., 2008). It was recently recorded close to this
area, which extended the known distribution range of this
species in the north-east Atlantic towards the south
(Rodrı´guez-Cabello et al., 2012). These captures along with
other recent records of this species in the north-east Atlantic
do not support the hypothesis that R. kukujevi is endemic to
the North Atlantic Ridge (Kukuev, 2002). Like N. iberica these
specimens were caught in the MOW layer (Gonza´lez-Pola per-
sonal communication), which suggests that this species could
occur in other geographical areas with similar environmental
features.
Neoraja iberica was ﬁrst recorded and described by
Stehmann et al. (2008) from southern Portuguese waters
and the Gulf of Ca´diz (southern Spain). The description was
based on 50 specimens representing all size-classes of the
two sexes. The maximum total length recorded was 31.6 cm
for females and 32.7 cm for males, and depths ranged from
Fig. 4. Cluster of similarity between the Rajidae species found in Avile´s
Canyon System based on morphometric characters. Codes refer to
specimens data described in Table 5.
Table 6. Dissimilarity index (average 3.66 %) between groups of Neorajas and morphometric characters that contributed more to the difference found
among them. Results expressed as percentage of total length (LT).
N. iberica N. caerulea Percentage
Morphometric character Average SD Average SD Av.Diss Diss/SD Contribution Cumulative
Disc width 52.4 0.48 56.8 1.14 0.5 4.3 13.1 13.1
Disc length 44.5 0.68 46.9 1.47 0.3 1.7 7.1 20.1
Cloaca to caudal-ﬁn 59.1 1.57 57.4 0.83 0.2 1.3 5.1 25.3
Distance between ﬁfth gills 5.9 0.22 7.6 0.67 0.2 3.0 5.0 30.2
Length anterior pelvic lobe 12.7 0.52 14.3 0.75 0.2 2.0 4.6 34.8
Head length (dorsal) 17.5 0.24 19.1 0.79 0.2 2.2 4.6 39.4
Length posterior pelvic lobe 16.8 1.58 15.7 0.84 0.2 1.3 4.2 43.5
Distance D1-caudal 11.8 0.62 10.4 0.38 0.1 2.3 3.9 47.5
Snout to cloaca 40.6 0.67 41.8 1.23 0.1 1.2 3.9 51.4
Pelvic base width 8.4 0.50 9.2 1.23 0.1 1.1 3.1 54.4
Snout width 26.7 0.03 26.2 1.13 0.1 1.8 2.7 57.2
Distance between spiracles 6.2 0.18 7.1 0.06 0.1 5.3 2.7 59.8
Snout-spiracle 15.7 0.47 16.5 0.74 0.1 1.4 2.7 62.5
Prenasal length 8.9 0.89 8.6 1.00 0.1 1.3 2.6 65.1
D2 base 5.2 0.28 4.9 0.95 0.1 3.3 2.4 67.5
Head length (to ﬁfth gill) 22.9 0.19 23.7 0.51 0.1 1.7 2.4 69.9
Distance between ﬁrst gills 12.6 0.12 13.4 0.53 0.1 1.7 2.3 72.2
Snout length (pre upper jaw) 11.0 1.02 11.0 0.59 0.1 1.4 2.2 74.4
Snout length (preorbital) 10.5 0.75 10.7 0.81 0.1 1.5 2.2 76.6
D1 base 4.1 0.62 4.1 0.75 0.1 1.5 1.9 78.4
Distance D2-caudal 7.4 0.40 6.8 0.22 0.1 1.6 1.9 80.3
D2 height 1.9 0.21 2.5 0.15 0.1 2.8 1.8 82.1
Caudal length 3.2 0.15 2.6 0.40 0.1 1.6 1.8 83.8
Nasal width 7.5 0.02 8.1 0.07 0.1 10.1 1.7 85.5
Width of ﬁfth gills 0.8 0.17 1.3 0.03 0.1 4.6 1.5 86.9
Tail at pelvics (height) 2.8 0.01 3.3 0.32 0.1 1.9 1.5 88.4
Tail at D1 (width) 1.2 0.14 1.7 0.37 0.1 1.5 1.5 89.8
Spiracle length 3.0 0.45 3.5 0.19 0.1 1.2 1.4 91.2
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172– 670 m. Therefore, the present study extends its known
northern distribution limits (to northern Spain), bathymetric
range (530–784 m) and maximum length (male 35.2 cm). The
fact that the water masses where this species was caught cor-
responded to the MOW could explain this northern distri-
bution and potential occurrences in higher latitudes. The
fate of the MOW once it ﬂows out of the Strait of Gibraltar
into the Bay of Biscay and further north is uncertain and
there is some controversy. However, according to a study by
Iorga & Lozier (1999) a continuous signal of Mediterranean
Water is tracked northward to 50820′N into the Rockall
Trough and over to Iceland–Scotland. Whether this could
have some inﬂuence on the distribution range of this species
needs to be explored.
Stehmann (1976) originally described N. caerulea in the
genus Breviraja. The geographical distribution of this
species is not well known. It was previously considered to be
relatively rare and possibly endemic to the north-east
Atlantic (Iceland, Rockall Trough, north-west Ireland).
However, further records from the Mid-Atlantic Ridge and
Bay of Biscay (Stehmann & Burkel, 1984; Que´ro et al., 2003)
have expanded its known distribution range. It is commonly
found at depths of 600–1260 m. Thus, the present records
extend its known bathymetric range (1554 m).
According to external appearance and colour patterns
(Figure 2C,D), the N. caerulea and N. iberica specimens
seem to belong to different species; however, the similarity
percentage obtained (97%) based on morphological characters
is rather high. These similarities were also reported by
Stehmann et al. (2008), who included two further congeners,
N. stehmanni and N. africana, in their description. As stated
by these authors these species resemble each other in several
external aspects, such as their general shape, squamation,
morphometric proportions, tooth row counts and internal
meristics, as well as their scapulocoracoids and pelvic
girdles, as demonstrated by McEachran & Compagno (1982).
However, DNA sequences obtained for the two species
were identical (Table 3, Figure 3). Similar results were
obtained by Serra-Pereira et al. (2011), who suggested the
possible synonymy between the two taxa. The low number
of specimens caught made it impossible to draw any ﬁrm con-
clusions about the morphometric measurements. The fact that
Fig. 5. Geographical distribution of the above species based on published records (Froese & Pauly, 2010). A few records of Galeus murinus below 368N (see text)
have not been represented here. The red rectangle shows the area where these four species have been recorded for the ﬁrst time in the Cantabrian Sea.
8 c. rodri’guez-cabello et al.
specimens of both sexes belonging to each species were exam-
ined indicated that the morphological differences found were
probably not due to gender or size. Thus, these results suggest
that it could be a case of morphological divergence. This is not
so uncommon and can occur among populations living in
different habitats with environmental variables that act as
potential selective forces responsible for adaptation to diver-
gent habitats (Collin & Fumagalli, 2011). In the present
study the two species were recorded at different depths and
environmental conditions separated by a distance of 64.8 km.
The application of molecular genetics to study sharks,
skates and rays has considerably increased recently, particu-
larly for studies focused on the identiﬁcation, conservation
or ﬁsheries management of elasmobranch species (see refer-
ences in Tinti et al., 2003; Serra-Pereira et al, 2011;
Ve´lez-Zuazo & Argnarsson, 2011; Dudgeon et al., 2012).
Although there is an increasing number of molecular studies
that aim to identify cryptic species and species complex
issues (Tinti et al., 2003; Ward et al., 2008; Igle´sias et al.,
2009; Straube et al., 2011; Dudgeon et al., 2012), few studies
have found elasmobranch species that have similar DNA
sequences but also showing morphological divergence. One
similar case was recently described by Serra-Pereira et al.
(2011) regarding two species of Raja, R. clavata and R. mader-
ensis. The similarity between these two species in the BOLD
database was 99.69% and the phylogenetic analysis failed to
separate these taxa into different clades. The authors stated
that the most probable hypothesis to explain these results
is that R. maderensis was simply a different morphotype
of R. clavata. The case of Neoraja species may be similar.
Clarifying the taxonomic situation will require further studies
with other molecular markers and more individuals sampled
to validate N. iberica as a distinct species. In addition, the fact
that all the species of the genusNeoraja appear to have localized
and rather limited distributions should be explored in order to
test the hypothesis of allopatric speciation in this clade.
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